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ObjectiveObjectiveObjectiveObjectiveObjective: To verify whether the ileal exclusion interferes with liver and kidney functional changes secondary to extrahepatic

cholestasis. MethodsMethodsMethodsMethodsMethods: We studied 24 rats, divided into three groups with eight individuals each: Group 1 (control), Group 2 (ligation

of the hepatic duct combined with internal biliary drainage), and Group 3 (bile duct ligation combined with internal biliary drainage

and exclusion of the terminal ileum). Animals in Group 1 (control) underwent sham laparotomy. The animals of groups 2 and 3

underwent ligation and section of the hepatic duct and were kept in cholestasis for four weeks. Next, they underwent an internal

biliary bypass. In Group 3, besides the biliary-enteric bypass, we associated the exclusion of the last ten centimeters of the terminal

ileum and carried out an ileocolic anastomosis. After four weeks of monitoring, blood was collected from all animals of the three

groups for liver and kidney biochemical evaluation (albumin, ALT, AST, direct and indirect bilirubin, alkaline phosphatase, cGT,

creatinine and urea). ResultsResultsResultsResultsResults: there were increased values   of ALT, AST, direct bilirubin, cGT, creatinine and urea in rats from Group

3 (p < 0.05). ConclusionConclusionConclusionConclusionConclusion: ileal exclusion worsened liver and kidney functions in the murine model of extrahepatic cholestasis, being

disadvantageous as therapeutic procedure for cholestatic disorders.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Cholestatic diseases occur in all age groups, have limited
therapeutic options and may progress to liver fibrosis

and cirrhosis. Some of these diseases are accompanied by
sometimes disabling extrahepatic serious manifestations,
such as hepatic encephalopathy, pruritus, metabolic bone
disease, amongst others1,2.

The etiological factors tend to be specific to each
age group. The consequences of cholestasis and the
mechanisms of liver injury, as well as the progression to
fibrosis and liver cirrhosis, are related to the accumulation
of bile acids in the liver. Clinical or surgical treatments that
decrease biliary stasis delay or interrupt the progress of these
diseases, improving symptoms and signs.

Hollands et al. 3 proposed the exclusion of the
last inches of the terminal ileum as a way to improve pruritus
refractory to clinical treatment of children with progressive
familial intrahepatic cholestasis (PFIC). This procedure
reduced the rash and improved liver function biochemical
laboratory values   in the majority of patients. There was
an improvement in liver histological appearance, observed
in biopsies. However, there were few patients and the
follow-up period was short4,5. Other authors studied this

therapeutic approach, but the results were not in pediatric
patients with cholestatic disorders such as PFIC.

Excluding this part of the terminal ileum aims
to decrease the reabsorption of bile acids in the terminal
ileum, increasing their fecal excretion, as well as decreasing
their accumulation, both in the serum and in the liver.
The objective of this study was to verify whether the
exclusion or derivation of terminal ileum interferes with
hepatic and renal changes caused by obstructive
cholestasis.

METHODSMETHODSMETHODSMETHODSMETHODS

We studied 24 adult Wistar rats, weighing
between 240g and 320g, divided into the following groups
(n = 8): Group 1 - control; Group 2 - Ligation of the hepatic
duct associated with internal biliary drainage; Group 3 -
Ligation of the hepatic duct associated with internal biliary
drainage and exclusion of the terminal ileum.

All animals were placed in the vivarium of the
Faculty of Medicine, UFMG, had free access to water and
rat chow. After the care of asepsis and antisepsis, they
were intramuscularly anaesthetized with a solution of 2%
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xylazine and 10% ketamine at doses of 0.15mg/kg and
0.25mg/kg, respectively.

The animals underwent abdominal trichotomy
and were positioned in supine on a board with the legs
attached by adhesive tape. We carried out disinfection
with 70% alcohol. During operative procedures,
respiratory and heart rates, respiratory movements and
voluntary movements were observed. After completion
of the operations, each animal was allocated in a
ventilated place and observed until complete post-
anesthetic recovery.

Animals in Group 1 underwent laparotomy. The
animals in groups 2 and 3 were subjected to laparotomy
with double ligation of the common hepatic duct with 4-0
silk sutures, and its section between the ligatures (Figure
1A). After four weeks, all animals in Groups 2 and 3 were
reoperated.

In Group 2, there was internal biliary drainage
between the proximal stump of the bile duct and duodenum,
with the aid of a 4 Fr. nelaton catheter measuring 4cm.
One end of this catheter was connected to the bile duct
and secured with 4-0 silk sutures and the other end was

inserted into the duodenum and secured with purse-string
suture using 5-0 polyglactin-910 (Figures 1B and 1C).

In Group 3, in addition to the biliary drainage
performed in Group 2 we excluded ten cm of terminal ileum,
as measured from the ileocecal papilla. The proximal
segment of the ileum was anastomosed to the ascending
colon in a single plane, with 5 0 polyglactin-910 suture.
The distal ileum was ligated with 4-0 silk suture (Figure
1D).

After eight weeks of the first procedure, all
animals were subjected to relaparotomy, in which aspects
of the liver and kidney were observed, as well as the patency
of ileocolic and biliodigestive anastomosis; six milliliters of
blood were collected from each animal after intracardiac
puncture made   by transdiaphragmatic route for biochemical
analysis. The collected blood samples were placed in plastic
tubes, protected from light and transported to the clinical
laboratory. We measured alanine aminotransferase (ALT),
aspartate aminotrasnferase (AST), albumin, direct and
indirect bilirubins, alkaline phosphatase, gamma glutamyl
transferase (ãGT), urea and creatinine. All laboratory tests
were performed in the same apparatus.

Figure 1 -Figure 1 -Figure 1 -Figure 1 -Figure 1 - Surgical aspects: A) Ligation of the hepatic duct; B) Making of the biliary-enteric anastomosis (positioning of the catheter in the
hepatic duct (green arrow) and duodenum (yellow arrow); C) Final result of the biliary-enteric anastomosis (arrow). Duodenum
(yellow star), liver (green star); D) ileocolic anastomosis (arrow). Segment of terminal ileum connected (star).
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The liver, kidneys and terminal ileum of all
animals were removed for histological examination. The
specimens biopsies were washed with tap water and fixed
with 4% formaldehyde solution, then processed in routine
pathological examinations.

Analysis of variance (ANOVA) and Kruskal-Wallis
test were used for statistical analysis. The level of significance
was the corresponding to p < 0.05.

This study was approved by the Ethics on Animal
Experimentation Committee (CETEA – UFMG), Protocol
041/2008 and by the Board of the Department of Surgery
of the Faculty of Medicine of UFMG.

RESULTSRESULTSRESULTSRESULTSRESULTS

The control group (Group 1), showed no changes
on macroscopic and optical microscopy. The kidneys and
livers had normal appearance. All animals of groups 2 and
3 showed liver fibrosis in different stages. There was no
liver cirrhosis in rats in this study. The kidneys of animals of
groups 2 and 3 had no macroscopic or microscopic changes.
In all animals of groups 2 and 3, the biliary-enteric bypass
was patent. No signs of leaks or ischemia were observed in
the ligated ileum, nor in the ileocolic anastomoses of rats
from Group 3.

When comparing the renal biochemical tests of
groups 1 and 2, no differences were observed. However,
the hepatic function tests showed increased values   of
indirect bilirubin, p = 0.007 (Table 1).

There was an increase in values of ALT   (p =
0.0480), AST (p = 0.037), direct bilirubin (p   = 0.032), ãGT
(p = 0.010), creatinine (p = 0.003) and urea (P = 0.002) in
Group 3 compared with control (Table 1).

The comparison of groups 2 and 3 yielded no
differences in liver function tests, however there was an

increase in serum creatinine (p = 0.007) and urea (p = 0.014)
(Table 1).

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

This study evaluated the morphological and
functional effects of excluding the terminal ileum in
extrahepatic obstructive cholestasis. Changes in the
absorption of bile acids in the terminal ileum in patients
with ileal resection and ileitis point to the influence of the
terminal ileum in the enterohepatic circulation of bile acids6,
justifying the ileal exclusion as a treatment for cholestatic
diseases3.

Based on Hollands et al.3, Costa et al.7 used the
experimental model of murine Kountouras et al.8 to com-
pare the liver function tests and liver architecture in Wistar
rats after ligation of the common hepatic duct7. In animals
with the exclusion of the terminal ileum, the intensity of
liver fibrosis was minor and values of indirect bilirubin   and
cGT were higher compared with the control7. However,
this study could not explain the mechanisms by which ileal
exclusion interfered with hepatic fibrosis. It is possible that
this procedure decreases the absorption of excreted bile
acids into the intestine, as proposed by Hollands et al.3.
This hypothesis did not find support in the study of Costa et
al.7, sine with ligation of the bile duct there was no more
bile flow to the intestine, therefore no enterohepatic cycle,
which justified the study of ileal exclusion after a
biliodigestive derivation.

After ligation of the common hepatic duct, there
is an increase in aminotransferases and canalicular enzymes
in the first three weeks, which later decrease, indicating a
tendency for liver failure, with decreased albumin9,10.

Several authors studied the effects of biliary-
enteric bypass in liver function tests and liver architecture,

Table 1 Table 1 Table 1 Table 1 Table 1 - Mean and standard error of the mean liver and renal biochemical tests in groups 1, 2 and 3.

Group 1Group 1Group 1Group 1Group 1 Group 2Group 2Group 2Group 2Group 2 Group 3Group 3Group 3Group 3Group 3

Albumin 2.26   ± 0.13 2.20   ± 0.29 2.12    ± 0.24
ALT 87.70   ± 6.3 91.14   ± 24.2 123.6   ±123.6   ±123.6   ±123.6   ±123.6   ± 35 .2**35.2**35.2**35.2**35.2**
AST 213.2   ± 68.1 210.1   ± 55.5 360.2   ±360.2   ±360.2   ±360.2   ±360.2   ± 222.1**222.1**222.1**222.1**222.1**
Direct bilirubin 0.06   ± 0.04 0.05   ± 0.06 0.26   ±0.26   ±0.26   ±0.26   ±0.26   ± 0 .28**0.28**0.28**0.28**0.28**
Indirect bilirubin 0.05   ± 0.04 0.19  ±0.19  ±0.19  ±0.19  ±0.19  ± 0 .11*0 .11*0 .11*0 .11*0 .11* 0.29    ± 0.28
Alkaline Phosphatase 434.7   ± 119.1 397.8   ± 165.8 392.8    ± 196.1
”gt 1.05   ± 0.62 2.55   ± 1.66 3.95   ±3.95   ±3.95   ±3.95   ±3.95   ± 2 .80**2.80**2.80**2.80**2.80**
Creatinine 0.4   ± 0.10 0.4   ± 0.12 0.65   ±0.65   ±0.65   ±0.65   ±0.65   ± 011***011***011***011***011***
Urea 41.75   ± 5.85 49.13   ± 9.7 92.90   ±92.90   ±92.90   ±92.90   ±92.90   ± 51.2***51.2***51.2***51.2***51.2***

ALT: alanine aminostransferase; AST: aspartate aminotransferase;
cGT: gamma glutamyl transferase; p: p-value; *: P <0.05;
Group 1: Control;
Group 2: Ligation of the hepatic duct combined with internal biliary drainage;
Group 3: Ligation of the hepatic duct combined with internal biliary drainage and exclusion of the terminal ileum;
*: p <0.05 between groups 1 and 2;
**: p <0.05 between groups 3 and 1;
***: p <0.05 between group 3 and groups 1 and between 2 and 3.
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in periods of two to three weeks11-15. There was
normalization of biochemical tests of liver function and
decreased fibrosis severity after performance of the
biliodigestive anastomosis11-15. Moreover, it was found that
even after bile drainage, the animals persisted with
hypoalbuminemia and abnormal hepatic architecture16,17.

There is no difference between the various
options for biliary-enteric bypass for this experimental
model13,14. In this study, we opted for a Roux-Y hepatico-
duodenostomy using a nelaton prosthesis, which presented
no technical difficulties or complications11,13,15. The internal
biliary drainage is more efficient than the external one for
the improvement in liver function and prevention of intesti-
nal disorders secondary to the absence of intraluminal bile18,19.

Another advantage of this study was to maintain
cholestasis for four weeks before biliodigestive derivation.
This longer period of cholestasis enabled the development
of liver fibrosis, allowing us to study the influence of biliary
drainage on liver morphology and function, as well as
observing a possible additional effect of the ileal exclusion.
After biliary drainage there was normalization of liver
function tests. In the group with ileal exclusion the values
of direct bilirubin, AST, ALT and cGT worsened. With the
data from this work, one may question the effectiveness
of ileal exclusion as an adjunct in the treatment of
cholestasis.

Kidneys and liver are the main excretory organs
of the body. In a situation of cholestasis, there is increases
renal excretion of products usually eliminated in the bile.
This renal overload, with accumulation of harmful substances
to the glomeruli, may be responsible for functional disorders
of the kidney, which may progress to renal failure. This
complication has been observed in the presence of
hyperbilirubinemia and increased bile acids10,20.

Functional changes of the kidney are linked to
etiological agents or hemodynamic changes, characteristic
of chronic liver disease, in which there is peripheral
vasodilation, renal vasoconstriction and activation of the
renin-angiotensin system21-24. There is also increased
oxidative stress and increased production of free radicals25,26,
as well as nephrotoxicity caused directly and indirectly by
bile acids and bilirubin, especially in situations of renal
ischemia10,27-30.

In this study, animals undergoing biliary-enteric
anastomosis and ileal exclusion showed elevated levels of
urea and creatinine. Therefore, the ileal exclusion associated
with biliary-enteric bypass did not reduce the renal disorder
probably caused by the four weeks of cholestasis.

In conclusion, ileal exclusion associated with
internal biliary bypass in an experimental murine model of
bile duct ligation, for four weeks worsened liver and kidney
functions.

R E S U M OR E S U M OR E S U M OR E S U M OR E S U M O

Objetivo:Objetivo:Objetivo:Objetivo:Objetivo: verificar se a exclusão ileal interfere nas alterações funcionais hepáticas e renais, secundárias à colestase extra-hepática.
MétodosMétodosMétodosMétodosMétodos: foram estudados 24 ratos, distribuídos em três grupos (n=8): Grupo 1 (controle), Grupo 2 (ligadura do ducto hepático
combinada com drenagem biliar interna) e Grupo 3 (ligadura do ducto hepático combinada com drenagem biliar interna e exclusão
do íleo terminal). Os animais do Grupo 1 (controle) foram submetidos a laparotomia e laparorrrafia. Os animais dos grupos 2 e 3
foram submetidos a ligadura e secção do ducto hepático e mantidos em colestase por oclusão biliar durante quatro semanas. A
seguir, foram submetidos a derivação biliar interna. No Grupo 3, associou-se a exclusão dos últimos dez centímetros do íleo terminal
e anastomose ileocólica à derivação biliodigestiva. Após outras quatro semanas de acompanhamento, foi colhido sangue de todos os
animais dos três grupos, para avaliação bioquímica do fígado e dos rins (albumina, ALT, AST, bilirrubinas direta e indireta, fosfatase
alcalina, cGT, creatinina e ureia). ResultadosResultadosResultadosResultadosResultados: houve aumento dos valores de ALT, AST, bilirrubina direta, cGT, creatinina e ureia nos
ratos do Grupo 3 (p < 0,05). ConclusãoConclusãoConclusãoConclusãoConclusão: no modelo murino de colestase extra-hepática, a exclusão ileal piorou as funções hepáticas
e renais, sendo desvantajosa como proposta terapêutica para afecções colestáticas.

Descritores: Descritores: Descritores: Descritores: Descritores: Colestase. Fibrose hepática. íleo/operações. Fígado/fisiopatologia. Rim/fisiopatologia.
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